Fully Phase Stabilized Quantum Cascade Laser Frequency Comb by Bartalini, S et al.
This is a repository copy of Fully Phase Stabilized Quantum Cascade Laser Frequency 
Comb.
White Rose Research Online URL for this paper:
http://eprints.whiterose.ac.uk/153856/
Version: Accepted Version
Proceedings Paper:
Bartalini, S, Consolino, L, Nafa, M et al. (8 more authors) (2019) Fully Phase Stabilized 
Quantum Cascade Laser Frequency Comb. In: 2019 Conference on Lasers and 
Electro-Optics Europe and European Quantum Electronics Conference, 
CLEO/Europe-EQEC 2019. Lasers and Electro-Optics Europe (CLEO EUROPE), 23-27 
Jun 2019, Munich, Germany. IEEE . ISBN 9781728104690 
https://doi.org/10.1109/CLEOE-EQEC.2019.8871850
© 2019 IEEE. Personal use of this material is permitted. Permission from IEEE must be 
obtained for all other uses, in any current or future media, including reprinting/republishing 
this material for advertising or promotional purposes, creating new collective works, for 
resale or redistribution to servers or lists, or reuse of any copyrighted component of this 
work in other works.
eprints@whiterose.ac.uk
https://eprints.whiterose.ac.uk/
Reuse 
Items deposited in White Rose Research Online are protected by copyright, with all rights reserved unless 
indicated otherwise. They may be downloaded and/or printed for private study, or other acts as permitted by 
national copyright laws. The publisher or other rights holders may allow further reproduction and re-use of 
the full text version. This is indicated by the licence information on the White Rose Research Online record 
for the item. 
Takedown 
If you consider content in White Rose Research Online to be in breach of UK law, please notify us by 
emailing eprints@whiterose.ac.uk including the URL of the record and the reason for the withdrawal request. 
 !""#$%&'()$*+',-"-.)/$0!'1+!2$3'(4'/)$5'()6$ 6)7!)14#$382,
*'9)6-8$:'6+'"-1-;<=<$5!->-$381(8"-18;<$?'"-@$A'B';<$ 6'14)(48$3'CC)""-;<$D'+-'$E'66'(-F<$ 6'14)(48$%G
?)..'C)('F<$?-6-'2$*G$H-+-)""8F<$5-'1&)$5-I<$JG$E-")($K'9-)(I<$L/2!1/$MG$5-1B-)"/I<$%'8"8$K)$A'+'"); !"
 !""#$%&'()*)+),"$-.*,/-01"2*"3))*4-"-/2"56$78"9*-"$!"#-::-:-" 8";<< ="71(),">*,:1/)*/,"?>'@8"')-0A
 !""#$%&'"(#)"*"+,-.-/-0"#120,3.4254"126"%3/071"#089174"%/:48.084'";.1551"%!"%.7<4,-80"= '">?= @'";.,1'"+-17A
B!"%3C007"0D"$743-802.3"126"$743-8.317"$2E.2448.2E'"F2.<48,.-A"0D"G446,'"G446,"G% "HI&'"FJ
K!"::L%42,4"%!8!7!'"M.1"N1--.24771" O'">OO=B"(19:."P.,425.0"QR+S'"+-17A
 !"#$%&'#(%)&$'*#(!"#$"&+,-&(,%.#%/#01&.(12#3&*3&'"#+&*"$#45678#/$"01".39#3%2:*#;<=>?#!&*#1.'%1:("'+9
&(($&3("'#1:,01,(%1*#&((".(,%.#/$%2#(!"#*3,".(,/,3#3%221.,(9@# !"*"#'"A,3"*#B$%2,*"#(%#'"+,A"$#&.#&++C,.C%."#4,@"@
&#*,.D+"=#2,.,&(1$"=#&3(,A"#'"A,3"8#/$"01".39#3%2:#*9.(!"*,-"$#,.#&#$&.D"#&*#),'"#&*#(!"#567#*B"3($&+#3%A"$&D"
,(*"+/#4/$%2#&:%1(#E#2,3$%.*#(%#(!"# F-#$&.D"8=#),(!#(!"#1.,01"#B%**,:,+,(9#(%#(&,+%$#(!",$#*B"3($&+#"2,**,%.#:9
:&.'#*($13(1$"#".D,.""$,.D@#G%$#(!"*"#$"&*%.*=#A,D%$%1*#"//%$(*#!&A"#:"".#*B".(#(%#3!&$&3("$,-"#(!"#"2,**,%.#%/
/%1$C)&A"C2,H,.D#4GIJ8#21+(,C/$"01".39#567*=#&,2,.D#(%#*",-"#(!",$#3%2:C+,K"#2%'"C+%3K"'#%B"$&(,%.#;LCM?@#
N"A"$(!"+"**=#,.#%$'"$#(%#3+&**,/9#(!"*"#'"A,3"*#&*#/$"01".39#3%2:*=#,(#,*#"**".(,&+#(%#*!%)#(!&(#(!",$#%B(,3&+
%1(B1(#,*#'"*3$,:"'#:9#B&$&2"("$*#(!&(#%."#3&.#2"&*1$"#&.'=#2%$"#,2B%$(&.(=#3%.($%+@#F"$"=#,.#&.&+%D9#),(!#(!"
'"3,*,A"#(1$.,.D#B%,.(#(!&(#($&.*/%$2"'#2%'"C+%3K"'#B1+*"'#+&*"$*#,.(%#(!"#$"A%+1(,%.,-,.D#(%%+#3&++"'# B:1C+1/4A
4,DE=#)"#B$"*".(#(!"#/1++#B!&*"C*(&:,+,-&(,%.#&.'#,.'"B".'".(#3%.($%+#%/#(!"#()%#3%2:#'"D$""*#%/#/$""'%2#%/#&
2%'"C+%3K"' #21+(,C/$"01".39 #567 # ;O?@ # P. # (!,* #)&9 #)" # 1.+"&*! # ,(* # /1++ #2"($%+%D,3&+CD$&'" # B%(".(,&+= # &.'
'"/,.,("+9#B$%A"#(!"#$"&+,-&(,%.#%/#(!"#/,$*(#567#/$"01".39#3%2:@#G,D@#<#*!%)*#(!"#%B(,3&+#:"&(,.D#D"."$&("'#:9
2,H,.D#&#/1++9#*(&:,+,-"'# F-#567#3%2:#),(!#&#$"/"$".3"#/$"01".39#3%2:=#D"."$&("'#:9#%B(,3&+#$"3(,/,3&(,%.@
 !" # %:(&,."' # 21+(,C!"("$%'9." # *B"3($12 # *!%)* # 1+($&C.&$$%) # :"&(.%("* # 4+,2,("' # :9 # (!" # Q@R#F- # $"*%+1(,%.
:&.'),'(!#%/#(!"#*B"3($12#&.&+9-"$8@#
 !"#$%#SB"3($12#%/#(!"#21+(,C!"("$%'9."#*,D.&+#%:(&,."'#:9#2,H,.D#&.#%B(,3&++9C$"3(,/,"'# F-#/$"01".39#3%2:#&.'#(!"#/1++9
*(&:,+,-"'#567#3%2:@# !"#:"&(C.%("*#&$"#+,2,("'#:9#(!"#,.*($12".(&+#$"*%+1(,%.#:&.'),'(!#4Q@R#F-8@
 !" # /1++CB!&*"C*(&:,+,-&(,%. #%/ # (!" #567#3%2:#"2,**,%. #&D&,.*( # (!" # &(%2,3 # 3+%3K # /$"01".39# *(&.'&$'# ,*
&3!,"A"'#:9#,.'"B".'".(+9#&.'#*,21+(&."%1*+9#3%.($%++,.D#(!"#()%#3%2:#'"D$""*#%/#/$""'%2#4/$"01".39#%//*"(
&.'#2%'"*#*B&3,.D8=#&.'#&++%)*#/%$#(!"#*,21+(&."%1*#2"&*1$"2".(#%/#(!"# F-#&:*%+1("#/$"01".3,"*#),(!#&#M #F-
&331$&39@#J%$"%A"$=#:9#2"&*1$,.D#(!"#2%'"*#B!&*"*=#)"#$"($,"A"#(!"#"+"3($,3#/,"+'#&.'#(!"#("2B%$&+#"2,**,%.
B$%/,+"#%/#(!"#B!&*"C+%3K"'#567=#*!%),.D#&#$"B$%'13,:,+,(9#%A"$#',//"$".(#'&9*@#G,.&++9=#)"#B"$/%$2#&#3%$$"+&(,%.
&.&+9*,*#%.#(!"#2%'"*#B!&*"*=#1.A",+,.D#&#$"*,'1&+#3%++"3(,A"#B!&*"#.%,*"#(!&(#3%./,$2*#(!"#GIJ#2%'"C+%3K,.D
2"3!&.,*2@#
&'(')'*+',
 <!#T@#F1D,=#"(#&+@#UJ,'C,./$&$"'#/$"01".39#3%2:#:&*"'#%.#&#01&.(12#3&*3&'"#+&*"$V=#N&(1$"#-./=#>>XY>LL#4>Q<>8@
;>?#Z@#[1$D!%//=#"(#&+@#U "$&!"$(-#+&*"$#/$"01".39#3%2:*V=#N&(@#¥!%(%.,3*#]=#EM>YEMO#4>Q<E8@
;L?#Z@#[1$D!%//=#"(#&+@#U^A&+1&(,.D#(!"#3%!"$".3"#&.'#(,2"C'%2&,.#B$%/,+"#%/#01&.(12#3&*3&'"#+&*"$#3%2:*V=#_B(@#^H@#/0=#<<XQ#4>Q<R8@
;E?#J@#S,.D+"(%.=#"(#&+@#U^A,'".3"#%/#+,."&$#3!,$B#,.#2,'C,./$&$"'#01&.(12#3&*3&'"#+&*"$*V=#_B(,3&#1=#XE]#4>Q<]8@
;R?#G@#6&BB"++,=#"(#&+@#UG$"01".39#*(&:,+,(9#3!&$&3("$,-&(,%.#%/#&#01&.(12#3&*3&'"#+&*"$#/$"01".39#3%2:V=#7&*"$#¥!%(%.,3*#`"A@#%2=#4>Q<M8@
;M?#G@#6&BB"++,=#"(#&+@#U`"($,"A&+#%/#B!&*"#$"+&(,%.#&.'#"2,**,%.#B$%/,+"#%/#01&.(12#3&*3&'"#+&*"$#/$"01".39#3%2:*V=#N&(@#¥!%(@#T33"B("'#
4>Q<X8@
;O?#7@#6%.*%+,.%=#"(#&+@#UG1++9#B!&*"C*(&:,+,-"'#01&.(12#3&*3&'"#+&*"$#/$"01".39#3%2:V=#&$a,Ab<XQ>@Q<MQE#;B!9*,3*@%B(,3*?=#*12:,(("'#(%#
N&(@#6%22@#4>Q<X8@
